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ABSTRACT: 
Studies including several designed experiments were 
completed on the Trunk Feed Interface Circuit (TFIC) 
currently being manufactured by AT&T. The purpose was 
to identify the critical parameters and their influence 
on the Bipolar Field Effect Transistor (BiFET) pinchoff 
voltage (Vp) and to improve its control of manufacture 
by reducing the variation, thereby increasing the chip 
yield at first test. The effects of the epi dopant 
concentration (resistivity) was investigated for the 
first time and was found to be the third most 
significant factor, after the p-channel ion implant dose 
and the n~gate ion implant dose, to compensate for the 
run-to-run variation in, epi resistivity. Secondary 
effects due to dry oxidation boat number were also 
addressed. A reduction in lot-to-lot variation of the 
BiFET Vp standard deviation from 0.32 to 0.09 at in-
process-probe (IPP) has been realized with a concurrent 
improvement in front probe yield from 15% to 40%. An 
improved real time feedback method for monitoring BiFET 
implant doses ·airectly on product wafers via the 
The1maprobe was developed and implemented to supplement 
the resistivity method using control wafers. The .. 
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that have identified an orientation angle which 
virtually eliminates even the minor channelling effects 









Since the inception of the TFIC, this device has· 
exhibited large variability in the yield and chronic 
periods with suppressed yield due to problems related to 
the BiFET switches. The states of the BiFET switches 
cannot be changed by the circuit due to pinch-off 
voltages being other than the ones that are specified 
for the switch operation. The correlation between the 
BiFET pinchoff voltage measured at IPP verses yield is 
illustrated in Figure 1. 
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This indicates that the switch failures on both the high 
and the low side can be avoided by maintaining the BiFET 
Vp between 1.1 and 1.9 volts at !PP, which should ensure 
higher first test yields. Although a formal study has 
not yet been conducted, excellent yields have been 
achieved with mean nominal Vp values between 1.35 and 
1.65 volts for individual lots. 
Recently, a comprehensive designed experiment was 
.._ 
completed, which included not only the important 
variables effecting the BiFET Vp (p-channel Dose, n-gate 
dose and dry oxide boat number) but also included the 
effect of the epitaxial (epi) deposition process. This 
study demonstrates the significance of epi resistivity 
control and documents a method to tailor the p-channel 
implant dose based on measured epi resistivity for each 
epi deposition run. Both the p-channel and then-gate 
implants have been characterized using the Thermaprobe 
which is currently utilized as the preferred method of 
implant monitoring. Also, the characterization of the 
minor channelling effects, which have been elucidated by 
) 
the Thermaprobe, demonstrates that virtually all the 
channelling effects can be eliminated. Even the minor 
channelling due to the (100) plane can be eliminated by 
4 
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THBRMADVB CHARACTERIZATION or BIPET IMPLANTS: 
Traditionally, the p-channel and n-gate ion implants 
have been monitored directly after the respective 
implants using the sheet resistance measurements on 
annealed control wafers. Until recently, this was the 
only available real time method for monitoring the 
implant doses. However, the acquisition of a~ 
Thermaprobe Ion Implant Inspection System in 1988, has 
made available a more sensitive, non destructive method 
of measuring ion implant doses directly on product 
wafers immediately after implantationC 1]. This 
technique is particularly suited for low dose 
. 
\ 
measurements and the one (1) micron spot size enables it 
to perform measurements within virtually any window of 
the product wafer. The Thermaprobe measures the laser 
induced modulation of the optical reflectance 
(thermawave value) of an .· implanted wafer where the 
signal is proportional to the damage induced by the low 
dose implant. 
The TFIC was implanted with various p-channel and n-gate 
ion implant doses. The Thermawave values measured 






directly after implantation were correlated with the 
/ 
BiFET Vp measured at !PP and utilized to ,,develop 
operating limits for both p-channel and n-gate ion 
implants (Figures 2 and 3). The Thermawave operating 
limits for both BiFET implants to maintain the Vp 
between 1.1 to 1.9 volts is listed in Table I. 
Table I: THERMAWAVB OPERATING LIMITS 
FOR BIFET IMPLANT 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
I In1)l ant I Lower L ;mi t I NOllli nal Level I ~r Lia; t I 
· · · · · · · · · · · .i. · · · · · · · · · · · · · .i. · · · · · · · · · · · · · · .i. · · · · · · · · · · · · · 1 
P·Channel 440 I 480 520 
N·Gate I 700 I 755 810 
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The major factor influencing the within wafer portion of 
the BiFET pinch-off variation is ion channelling which 
occurs during the p-channel implantation. The 
capability of the Thermaprobe to detect ion channelling 
and determine the spatial variation of the implant dose 
across the wafer makes it an ideal diagonostic tool for 
characterizing the channelling effects on Vp. Unlike 
the sheet resistance measurements, it can detect the 
presence of ion channelling due to its enhanced 
sensitivity to the lattice damage induced by the 





collisions and therefore generates less crystal damage 
and consequently a lower thermawave value. 
Pigure 4 : l!IP'!:T Up US WA.-~ TEST PATTERN NUMBER 
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TEST PATTERN HUMBER 
... 
The magnitude of the within wafer variation is clearly 
seen in the plot of the Vp versus test pattern in Figure 
4 where the center test pattern (#1) is substantially 
higher than the:~our remaining edge test patterns. When 
the Thermawave map for the zero degree oriented wafer 
(Figure 5) is compared to the Vp versus test pattern 
plot, it is apparent that the channelling stripe across 
the center correlates with the higher Vp for the center 
9 
Pigure 5: THERMAWAVB MAP FOR P-CHANNEL 
IMPLANT AT O DEGREE 
~-




test pattern. Prior experimentsC 2] empirically 
determined that the major channelling effects were , 
minimized by zero degree orientation of the wafer. 
Theoretical calculations confirmed that major 
channelling due to (110) plane is minimized at zero 
degree orientation with enhanced channelling at a 45 
degree orientation[ 3 ]. The (110) channelling effect 
0 
when the wafer flat is positioned at 45 degree during p-
[2] Development of a New BiFET Process for Voice Band 
Amplifier, B. E. Eiche and P. F. Leyman, Memorandum for 
Record, 7/9/85 
[3] Calculations of Wafer Positioning to Avoid Planar 
Channelling During Ion Implantation, J. R. Mathews, 






channel implant is clearly eviden~, on the Thermawave map 
in Figure 6, which has the highest standard deviation of 
4.4%. 
Pigure': THERMAWAVE MAP FOR P-CHANNEL 
IMPLANT AT 45 DEGREES 
Residual channelling, however, still remains at the zero 
degree orientation due to the minor effect from (100) 
plane, which is the major cause of the variation shown 
in the Vp versus the test pattern plot from the designed 
experiment data (Figure 4). The Thermawave results for 




gate process are listed in Table II with the 
corresponding figure number for the Thermawave map[ 4]. 
Table II: Wafer Orientation Thermawave Map Results 
.... -...... -...•......• -......•••••.••.......•...••••••......•...... 
I~lant 
Dose a1 Energy 
Wafer 
Orientation 
Thennawave Signal I Figure 
Average IX Std. Deviation NUlt>er 
.............. ·+- .... - . - . - .• ·+- •••.•.. ·+· ......... - ... - .. ·+· - - .... . 
P·Channel 
(1.15E12 a1 
~ 120 KeV) 
0.0 430.0 1.71 5 
1. s 423. 1 1. n 1 
,o.o I 438.8 1.45 a 
15.0 439.2 0.93 9 
I 20.0 I 441.7 o.48 11 30.0 426.2 3.71 10 
I 
I I 45 • o 412 • 9 I 4. 40 I 6 
· · · · · · · · · · · · · · · i · · · · · · · · · · · · "j · · · · · · · · .:.j~-· · · · · · · · · · · · · · · · "j · · · · · · · · 1 
N·Gate 0.0 754.8 0.14 I 12 I 
I 
I 
(6E12 a1 7.5 754.2 0.17 · 
60 KeV) 15.0 759.4 0.22 I · 
30.0 759.4 0.16 · I 45. o I 756. o o. 1, I . 
.•......••.•...•... --...............•..•................ ~ ••.......•.. 
I 
The zero degree flat orientation (Figure 5), which is 
currently employed for p-channel implant avoids the 
major,channelling from 45 degree orientation (~re 6) 
and minimizes the channelling from the (110) plane. 
However, the data reveals that there is still a minor 
channelling effect~from the (100) plane as evident by 
[4] Voice Band Amplifier Process and Yield Improvements 
Via Designed Experimentation, A. s. Chen, P. F. Leyman 




the channelling stripe pattern across the center of the 
Thermawave map for the p-channel implant at zero degree 
orientation. The parallel progression of the (100) 
channelling effort from the center of the wafer towards 
the flat is demonstrated as the wafer is rotated through 
the 7.5, 10 and 15 degree angles (Figures 7 through 9). 
The 30 degree orientation Thermawave map shows the 45 
degree angle channelled pattern as it progresses towards 
the upper right corner of the map in Figure 10. 
Meanwhile, the 20 degree orientation has eliminated even 
the minor channelling from the (100) plane as evident by 
the lowest standard deviation with no observable 
channelling type pattern (see Figure 11). 
Figure 7: THERMAWAVE MAP FOR P-CHANNEL 
IMPLANT AT 7.5 DEGREES 
13 
l'igure 8: TRERMAWAVB MAP FOR P-CHANNEL 






Figure 9: TRERMAWAVE MAP FOR P-CHANNEL 
IMPLANT AT 15 DEGREES 
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Pigure 10: TBERMAWAVB MAP FOR P-CHANNEL 
IMPLANT AT 30 DEGREES 
+ + 
+ + 
Figure 11: TBERMAWAVE MAP FOR P-CHANNEL 





-~, '"": ....... 
The thermawave contour maps of n-gate implant revealed 
that no channelling effects occur with virtually no 
variation in the standard deviation as a function of 
wafer orientation. A representative Thermawave map for 
then-gate implants in Figure 12 illustrates the lack of 
any channelling-type patterns regardless of the wafer 
orientation. 
Pigure 12: THERMAWAVE MAP FOR N-GATE 
IMPLANT AT O DEGREE 
I .~ 














In order to substantiate the effects of p-channel 
implant dose, n-gate implant dose, epi resistivity and 
dry oxide boat number, a nine treatment, four factor, 
three level experiment was processed in the cleanroom at 
~ 
AT&T. Table III outlines the design of the experiment. 
Tabla III: DESIGN OP THB TFIC EXPERIMENT 
-. . . . . -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . . . -
I Treatment# Epi P·Chanr,el N·Gate I Dry I Resistivity Dose Dose Oxide 
............. l .. ~~~:~~~ ... l.~~~~~~~.l.~~~~~~~.l.~~~.!.I 
, I 2.3 ,.7E12 s.oe,2 I , I 
2 2~0 1.ae,2 6.oe12 I 1 I 
3 2.0 1.7E12 7.0E12 2 
4 1.7 1.7E12 6.oe12 I 3 
5 2.3 1.6E12 6.0E12 2 
6 1.7 I 1.8E12 5.0E12 I 2 I 
7 1.7 1.6E12 7.0E12 1 
8 2.0 I 1.6E12 5 .OE12 3· 
9 2.3 1.8E12 7.0E12 3 
I I I ~ I 
,, 
-. . . . -. . . . . -. . . . . . . . . . . . . . . -. . . --. ------. . . . --. . . . . . . . . . . . . . . . . . 
Since the design was intentionally fractioned, it was 
assumed that the higher order effects were negligible. 







accurate. For reference a mix between the various 
confounding effects are displayed in Table IV. For this 
experiment, A, B, C and D correspond to the main effects 
to pinchoff behavior. 
Table IV: LIST OF CONFOUNDING EFFECTS 
. . . . -. . . . . . . . . . . . . . . -. -. . . . . . . . . -. . . . . . . . . . . . . . . . . . . . . --. . . . . . . -
.~~!~.l.~~.~~~~.l.~~~.~~~~.l.~~~.~~~~.l ....... ~~~~~~ ........ 1 
ave I ABCO I 
A I BCD P·Channel I"1)lant 
B ACD N·Gate l~lant 
C I ABO Epi Resistivity 
D ABC Dry Oxide Boat 
AB+ CD 
AC+ BO 
BC+ AD I 
. --... -............. -......••.•.••.••. -....... -.........•.••..•.•.... -
.. 
The p-channel dose was chosen to be approximately +-6% 
around the nominal (l.7El2 /cm2 ). Then-gate dose 
similarly was chosen at +-16% around the nominal (6El2 
/cm2 ). The epi resistivity was chosen at +-15% around 
nominal (5 ohm-cm). To complete the design, the boat 
number was included to provide a rough indicator of 
variation along the length of the dry oxidation furnace 
tube. 
18 
RESULTS OP THE DESIGNED EXPERIMENT: 
Figure 13: CROSS SECTION OP A BIPET STRUCTURE 



















control of BiFET pinchoff voltage is critical to the 
operation of the TFIC, the other parameters affecting 
the circuit operation cannot be ignored. A list of such 
• sixteen parameters was compiled and effects of the 
changes in control variables was studied. Table V lists 
the parameters and the acceptable limits. The variables 
used in the experiment (p-channel implant dose, n-gate 
implant dose, epi resistivity and oxide boat number) are 
the ones which were believed to have a significant 
effect on the BiFET pinchoff voltage. 
19 
.... 
Table V: PARAMETERS WITH RESPECTIVE LIMITS 
. . . . . . . . . . . . -. --. -. . . . . . . . . . -. . -. . . . -. . . . . . . . . . . . . . . . 
I· PARAMETER I LO\JER I UPPER I UN I TS 
1 ........................ 1.~~~~! .. l .. ~~~~! .. l ........ . 
I PNP VCECSAT) I 0.00 I 5.50 I Volts 
PNP BVCBO I 33.00 70.00 Volts 
PNP BVEBO 5.00 11.00 Volts 
I 
PNP BVCEO I 33.00 I 90.00 Volts 
PNP GAIN @1mA 60.00 300.00 · 
PNP GAIN @SmA I 0.00 I · I · I 
· · · · · · · · · · · · · · · · · · · · · · · .i. · · · · · · "j• · · · · · · · .i. · · · · · · · · 1 
I 
NPN VCE(SAT) I 0.00 I 5.50 I Volts I 
NPN BVCBO 33.00 70.00 Volts 
I NPN BVEBO I 5.00 I 11.00 Volts I NPN BVCEO 33.00 90.00 Volts 
I 
NPN GAIN @1mA I 60.00 300.00 I · 
NPN GAIN @SmA 0.00 · · 
I I I I 
I························+········+·········+······-·· 
P·BASE RESISTOR I 1.28 I 2.14 I K~ms I 
1 ........................ 1 ........ 1 ......... l ......... , 
I 1i11ND0\,/ 1 RESISTOR I ,s.ss I 21.04 I KOhms 
, ........................ 1 ........ 1 ......... 1 ........ . 
I BIFET PINCHOFF I 1.10 I 1.90 I Volts 
I I I I I .. -----.· ----........... -+ ... -.... + ••••••••• + ... ---.. . 
P·CHANNEL RESISTANCE I 0.00 I 
I I I 
- I KOhms 
I 
. . -. -. . --. . . . . . . -. . . . . . . . . . -. . -. . . . . . . . . . . . . . . . . . . . . . 
.. ' 
The following is the discussion of the effects of the 
control variables on all parameters listed in Table V 









Figures 14 to 28 show the effects of p-channel dose on 
the device parameters. All the parameters except the p-
channel resistance are within the acceptable limits and 
show negligible dependence on the p-channel dose. The 
p-channel resistance is recorded only for information 
purposes. There is inverse correlation between the p-
channel resistance and p-channel dose. Also the p-
channel resistance is an indicator of the BiFET pinchoff 
voltage which we are trying to control in this 
experiment. 
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Pigure 15 : PNP BVCl!IO VS P-CHAHNeL DOSI! 
Limit•: 33 TO 71 V 
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Figure 16 : PNP BVEBO vs P-CHANNEL DOSE 
Limit•: 5 TO 11 V 
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l'igure 17 : PNP l!IVCEO us P-CHANNl!L DOSI! 
Limit•: 33 TO 98 U 
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Figura 18 : PNP C3AIN tl1mA VS P-CHANNEL COSE 
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Figure 19 : PNP GAIN ~SmA VS P-CHANNEL COS!! 
Limit•: Non• <For Inro Onl~> 
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Figure 20 : NPN VCE(SAT) vs P-CHANNEL DOSE 
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Pigure 21 : NPN 8VCB0 vs P-CHANNl!L 0091! 
} 
L.i,m.i t• : (~3 TO 71 V 
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Figura 22 : NPN BVEBO vs P-CHANNEL COSE 
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Limit•: 33 TO 98 V 
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Figure 2 4 : NPN GAIN ~1mA VS P-CHANNEL DOSE 











• • • • • .: : : : 
. ' . .
--~,· ............... , ...... : ...................................................... : ......................... ···:•• 
. . . . 
. .. . . 
I o • o 
. . . . 
: : : : 
. . . 






• ~- ................................... ! •• · .• ,·, .•••••• · .••• ·• ,·, •••••••••••••••• · ............ '~-- ••••• ·.·, ••••••••••••••••• ..;.. • 
I 
. . . 
. ; ................... -....... ~ ... _ ................. .... : .. · ... ............... ~----···················--· 
. . . . ·. 
. . . 
. . . 
. . . 
. . . 







.;. ........................ ( ....................... r .................... .. ) ......................... .: .. 
. . . 
. . . 
. . 
\ . 
·4:··························· ·······-··················· ··························· ............................... ·. 
. . . . . 
O O I O • • • O • • • O O t O O O t I I O O t I I O O O o Io o Io o o • I I too o o o o o o o o o t o o • o o, o o o o ,o o o t o o , 0 o o o o , o o Io o t O o O O o I ,o • , o , 0 0 , , , , , , 0 o , 0 , , 0 0 0 , , , 
. . . . . 
















Limit•: Non• <~or In~o Onl~> 
•••••.••••••••••••••••••••.• ~. • • • • • • • • • • . . • • • • • • • • • • • • • • ••••••••••••••••••••••••• "='" ••••.•••••••••••••••••••• ""."' • 












. . . 
• ~ o o O o O o • • • • o o o o o • o O o o • o • • • 'I• o o • o ' I O o o o ,. ,·' • • o o • 0 o • o • ~ o o • o • o • o o o • 0 • o o o • • o • • • o o ..;. o o o o o O I o • ., o • ,; o O t ,< !' o O • • o • ..;.. o 
. : : : : ii' • • • . 
. . . 
. . . 
. . 
. . 
. ~- ............................... -' ..... ~ .... ·-· ........................... -.. .; ....... - ....................... -. 
................................................................................................................... 83 . . . . 
1.BE12 1.7E12 1.ee12 
DOSE C/c•""2> 
Figure 21 : P-BASE RESISTOR vs P-CHANNEL DOSE 
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-l'igura 27 : 1.JINOOI.J I RESISTOR us P-CHANNEL COSE 
Limit•: 16.66 TO 21.84 KOhm• 
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l'igure 28 : P-CHANNEL RESISTANCE us P-CHANNEL COSE 
Limit•: None <For In~o Onl~) 
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N-GATB IMPLANT DOSB: 
Then-gate implant dose was varied by +-16% around the 
nominal. N-gate implant is done only for the BiFET, 
therefore should have no effect on the device parameters 
except the p-channel resistance. As expected, the 
variations showed no effects on any of the important 
device characterization parameters. This is evident by 
Figures 29 to 43 which show the changes in these 
parameters with the changes inn-gate dose. 
,. 
Pigure 29 : ptp VCE<SAT) vs N-QAT~ DOSE 
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Pigure 30 : PtF IIUCBO vs N-QATI! oose 
Liaita: 33 TO 71 V 
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Figure 38 : NPN 1!1\JeeO vs H-GATI! DOSI! 
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Figura 43 : P-CIIANNEL Al!SISTANC:e us H-GATI! OOSI! 
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( EPI RESISTIVITY : 
Epi resistivity variation of +-15% does shift the device 
parameters. But this shift is well within the device's 
parametric limits (Table V). Figures 44 to 58 show 
these device parameter shifts. From these figures we 
can see that most of the parametric shift occurs at 
higher than nominal resistivity. At the lower limit of 
epi resistivity (1.7 Ohm-cm), there is less shift than 
at the higher limit (2.3 ohm-cm). Also the NPN 
parameters are effected more than the PNP parameters for 
any shift in epi resistivity. 
Figure 44 : PNP VCl!(SAT) vs l!PI R1!SISTIVIT¥ 
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Figura 45 : PNP aucao vs EII Al!9I9TIVITY 
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Figure 4& : PNP ~ vs l!PI A~SISTIVITY 
Liaita: S TO 11 V 
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Figure 4 7 : PtP avceo VS E'I ReSIS1(1VITY 
Lia.i.ta : 33 TO 91.·V 
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Figure 48 : PNP QAIH •1111A vs ePI RESISTIVITY 
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l'igure 49 : PNP GAIN MaA vs EPI Rl!SISTIVITY 
Liait•: Nana <~ar In~a Onl~> 
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Figura 50 : NPN uce:c'SAT) VS l!PI Rl!SISTIVITY 
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l'igure 51 : tPH 11VC110 VS l!PI Al!SISTIUITY 
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Pigure 52 : ~PN aueao us &II Al!SISTIUITY 
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Pigura 53 : NPH IIVCEO vs l!PI RESISTIVITY 
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Figura 54 : NPH GAIN •1111A vs l!PI RESISTIVITY 
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Figura 55 : NPN GAIN .IISIIIA us l!PI RESISTIVITY 
Li•ita: Nana (~or In~o Onl~> 
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Figure 56 : P-BASI! Rl!SISTOA vs l!PI RESISTIVITY 
Li•it•: 1.ae TO a.14 KOhm• 
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Figure 57 : WINDOW I RESISTOR vs EPI RESISTIVITY 
Limit•: 15.SS TO 21.I~ KOh•• 
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Figure 58 : P-CHAH AE9I9TAHC~ vs EPI RESISTIVITY 
LiMit•: Nana <~er In~a Onl~> 
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DRY OXIDE BOAT NUMBER: 
Again the parameters are insensitive to the order in 
which the wafers are put into the dry oxidation furnace. 
There is very little variation of parameter with respect 
to the boat number. This is displayed in Figures 59 to 
73. There is very little variation due to the fact that 
the oxide thicknesses are same for all three boats, 
implying that the dry oxide furnace is well in-control. 
Figure 59 : PHP VCECSAT) vs OXI~ BOAT NUMBER 
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Figura 60 : ptp l!IVCl!IO vs OXI~ BOAT NUNl!l~A 
Li•ita: 33 TO 71 U 
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Figura 61 : PNP 19U~B0 vs OXID~ BOAT NUMBER 
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Figura 6 2 : PNP l!!IVC~O vs ox I 01! l!!IOAT NUM!Jl!R 
Limit•: 33 TO 81 V 
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Figura 63 : ptW, GAIN e111A vs OXIO~ BOAT NUMBER 
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Figure 64 : PNP CiAIH •saA vs OXIDI! BOAT NUMBl!R 
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Figure 65 : HPH VCl!(SAT) vs OXIDI! l!SOAT HUMBER 
Li•it•: I TO 6.5 V 
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Figura 6 6 : NPN BVCBO VS OX I DI! l!IOAT NUMBER 
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Figura 67 : NPN BVl!IIO VS OXIDE BOAT NUMBER 
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Figure 68 : NPN avce:o vs OXIDI! l!IOAT NUHl!Sl!A 
Li•ita: 33 TO 91 U 
48 ·'.··························(··························:··························~·························':'' 
. . . . 
. . . . 
. . . . 
. . . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 






. . . . 






















. . . . . . . 
. , ................................................... , .................... ····-···· ·····················-· 
. . . 
. . . 
. . . 
. . . 
--- . . 
32 .; ......................................................................................................... .;.. 
~a . . . .. . ................................................................................................................... . 
1 3 
• BOAT• 
Figure 69 : NPN GAIN •1-" vs OXIOI! BOAT NUMBER 
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Figura 7 0 : NPH QAIN •eaA us OX I De l!IOAT NUMBl!A 
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Figure 71 : P-BASI: RESISTOR vs OXIDE BOAT NUMBER 
Li•it•: 1.ae TO a.14 KOhma 
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Figura 7 2 : WINDOW I Rl!SISTOR us OXIl!JI! BOAT NUMl!l!R 
Li•ita: 15.SS TO 21.14 KOaha 
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Figure 7 3 : P-CHAN RESISTANCI! us OXIDE BOAT NUMBER 
Limit•: Nona C~ar In~a Onl~) 
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EFFECTS OP THE VARIABLES ON BIPET PINCHOFF VOLTAGE: 
/ 
As detailed in the sections above, most of the device 
parameters are insensitive to the variables of the 
designed experiment. Now we concentrate our attention 
on the BiFET pinchoff voltage (Vp). Figures 74 to 77 
show us the sensitivi~y of the pinchoff voltage to all 
of the variables. P-channel implant dose (Figure 74) 
and epi resistivity (Figure 76) show an inverse 
dependence of p~nchoff voltage, while n-gate implant 
dose (Figure 75) shows a direct dependence. The oxide 
boat analysis showed varying results (Figure 77). 
Figure 7 4 : BIFET PINCHOFF VS P-CHANNEL COSE 
Limit•: 1.1 TO 1.9 V 
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Figure 77 : l!I~l!T PINCHOf'.. vs OXICI! BOAT NUMlll!A 
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Analysis was done using Statgraphics to reach a 
correlation between the various variables. Each of the 
variables was analyzed using ANOVA package and R-Squared 
values were calculated for them. These are listed in 
Table VI. 
Table VI: R-SQUARED VALUES FOR VARIABLES 
• 
-. -. -. --. . . . . . . . . -. . -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . 


















~ .. \ 
Also the 95% confidence limits were calculated for each 
• 
level of each of the variables. These are shown in 
Figures 78 to 81 and are also listed in Table VII. 
ANOVA analysis was also done taking all of the variables 
at once. This analysis showed that p-channel implant 
dose and n~gate implant dose are the most significant 





Figure 78 : BIPl'ET PINCIN7fl vs P-CHANNl!L DOS2 
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Figure 80 : BIFET PI~~ us l!PI RESISTIVITY 
9SX eot-PI~ INTERVAL 
. . . . 
•4:•·························';··························~··························'-:"'·························~· 
. . . . 
. . . . 
. . . . 
. . . . 
. . . . 
. . . . 
. . . . 
. .• . . . 
. . . . 
. . . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 




. . . 
·<··························<·························· ....... , ................. ·····'···················•:•• 
. .. . . 
. . . 
. . . 
. . . 
. . . 












. . . 
......................................................... ·························-··························-· 
. . . . 
·•·························· ·····················································-···························..,,,·· 
\ 













96X CONf'IDEHCe INTeRVAL 
·:····· ..................... ( ......................... i .......................... T ......................... t. 
. . . . 
. . . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
. . . 
; : : 
: : : 
. . . 
. . . 
. . . 
. . . 
. j .................................. · ••.••.••••••....•.. j •. · .................................................. : .. 
. . . 
: : : 
. . . 
: : : 
. . . 
: :. : 













. ;·.. ••••• •• • • ••• • ••• • ••••.•• •·•••••••. •••.••••••••••.•• •!•••• •••••••• ••••••••••• •••••••••••• ••••••••.••.•••. ..:... 
. . 
. ;· ..................................... ~ .. ~ .. •........ . .......................... ..;,; ····• ................ ·-· -· .... ,..:.. . 
,. 
··.····················································: ........................... : .......................... : .. 
. . . 
1 a 3 
~Te 
Table VII: 95% CONFIDENCE LIMITS FOR VARIOUS VARIABLES 
.,_, 
-. . . . -. . . -. . . -. . . . . . . . . ~ . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . . --. . . . -. . . . -
Parameter I LEVEL I Average I 95 Percent Conf;dence I 
Lower L;m;t I Upper Limit 
1···········-·········r·········r········································· 
I 
P·Charviel I~lant I 1.6E12 I 1.1177000 1.0290389 1.2063611 
(Ions/cnr'2) 1.7E12 1.4432714 1.3546104 1.5319325 
I I 1.SE12 I 1.7216757 I 1.6354441 I 1.8079072 I 
1 · · · · · · · · · · · · · · · · · · · · ·r· · · · · · · · ·•· · · · · · · · · · · · ·•· · · · · · · · · · · · ·•· · · · · · · · · · · · · 
I 
N·Gate Iq:.,lant I 5.0E12 1.6073733 1.5107296 1.7040171 I 
Cions/cnr'2) 6.0E12 1.4486923 1.3448803 1.5525043 
I I 7. OE12 I 1. 2426216 1. 1453271 1.3399162 I 
1 · · · · · · · · · · · · · · · · · · · · ·r· · · · · · · · ·r· · · · · · · · · · · · ·•· · · · · · · · · · · · ·•· · · · · · · · · · · · · 1 
I Epi Res;st;vity I 1.7 1.3558286 1.2508995 1.4607577 I (Ohm·cm) 2.0 1.4114267 1.3100555 1.5127978 
I I 2.3 1.5348841 1.4291973 1.6405708 I 
••.•••••••......•••• ·+· •.. - •. - ·+-. - •.•...••. ·+· .•.•••.•.•. ·+· ...••••••... 
Oxide Boat NUTt>er 1 
2 
3 











Regression analysis was done with all variables using 
the Statgraphics package. This regression analysis 
revealed a correlation coefficient of 42.998%. This 
coefficient was much lower than expected, so an outlier 
analysis was done. Using the 95% confidence criterion, 
all values that did not fall in the 95% confidence band 
were rejected from the analysis. This analysis showed 
that eleven (11) observations were obvious outliers. 
These outliers were removed and regression analysis was 
reperformed. This time around, the correlation 
coefficient was a respectable 58.11% (See Table VI for 
R-Squared value without outliers). Using the result of 
this regression analysis we get an equation that 
represents the final pinchoff multiple regression 
equation for three factors: 
Vp = 3.332381E-12 x1 - 1.99536E-13 x2 + 0.28S632 x3 - 3.566646 
where Q. 
·'.1 
Vp - BiFET Pinchoff -
X1 - P-Channel Dose 
X2 - N-Gate Dose 
X3 - Epi Resistivity -
59 
The oxide boat number was a qualitative representation 
so could not be taken into account in the equation. 
For the implant doses, it was not expected that much 
variation would be introduced by the implant process 
since the reported repeatability is better than +-0.5%. 
For the dry oxidation process, all boats were cleared i 
for use since the study indicated that there was no 
optimal boat to control the BiFET pinchoff. This placed 
epi resistivity in the enviable position of being the 
main controllable factor. Since the epi specifications 
range from 1.7 to 2.3 ohm-cm, it was not atypical to 
observe the product distribution populating that range. 
A look back at Figure 80 indicates that a change in epi 
resistivity from 1.7 to 2.3 ohm-cm corresponds to a mean 
BiFET pinchoff shift of approximately 0.44 volts. It is 
suspected that this was the major contributor to the 
yield loss at first'test. 
In order to reduce this effeeti':it was decided to adjust 
the p-channel implant dose based on the epi resistivity. 
As the dose was epi run based, it was probable that some 
of the wafer lots would require more: than one dose value 




in the epi reactor for each run. A chart was developed 
based on the regression equation to relate the dose to 
incremental changes in resistivity. To minimize the 
extent of customization, three main ranges were 
established. Within the center range between 1.9 to 2.1 
ohm-cm, no adjustments would be necessary. The standard 
dose would be used for that situation. The ranges of 
1.7 to 1.9 ohm-cm and 2.1 to 2.3 ohm-cm were split in 
half with an assigned dose associated with the midpoint 
of that half range. Thus, five (5) unique doses were 
established to handle the distribution of TFIC epi 
material. A chart of the assignments is presented in 
Table VIII. 
Table VIII: REQUIRED P-CHAN IMPLANT vs EPI RESISTIVITY 
--------- ------. . . -. -. --. -. -. . -. --. --. -. -. . . . . . . . . . . . --. . . . --. . . --. . . --. -. . ------. . . -
I Epi Resist;v;ty Range Lower L;m;t Upper L;mit 
(ohm·cm) (ohm-cm) 
P·Channel Dose I 
To Be Iq,lanted 
(Ions/cm"2) I 
Dose Adjustment 



















None Required (Standard Dose) I 
I Lower I 
Lower 
' ~ ... --. -. -----. --...... -.. -. --.... -............ -.... ---. -. -.. -........ --. ---. --. -... -....... . 




POST IMPLEMENTATION RESULTS; 
The developed procedure, implemented shortly after the 
analysis, has resulted in improved BiFET control and 
uniformity, and substantially increased the first test 
yields. Figure 82 represents a recent chart of the TFIC 
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LAST 2 0 LOTS 
Improved control and uniformity are evident for the lot 
averages beginning the time frame after which the 
· --\developed procedure was implemented. • As a comparison, 
. ,. 
Figure 83 shows the dramatic yield increases at first 




' , . 
..... llll'9 -~. 
test on fiscal week 9-I. The yield shown (in Figure 83) 
for the week 9-I is lower as it includes some pre-
implementaion product. 




















An improved method of implant monitoring for the 
critical low dose BiFET implants has been developed 
employing the Thermaprobe Ion Implant Inspection System. 
Thermawave operating limits for the product wafers 
measured directly after ion implantation were developed 
to maintain the pinchoff voltage (Vp) at in-process-
probe (!PP) between 1.1°and 1.9 volts. The Thermaprobe 
has also confirmed that the major channelling effect 
occurring during the p-channel implant process due to 
the (110) plane had previously been minimized by zero 
' 
degree orientation. However, it appears that a 20 
degree orientation can further eliminate even the minor 
channelling effects from the (100) plane. 
·"rhis designed experiment has related the variability of 
epi resistivity to the BiFET pinchoff voltage. Of the 
four factors chosen for the design,~ the p-channel dose, 
then-gate dose and the epi resistivity were all 
determined to be highly significant. These three in-
process factors have accounted for over 58% of the total 
pinchoff voltage variation. Based on these results, a 
revised BiFET process has been developed and implemented 






involves the customization of the p-channel dose to the 
epi resistivity by epi run.~ The 1.7 to 2.3 Ohm-cm epi 
resistivity specification range has been divided into 
five cells with a regression calculated p-channel dose 
for each of the cells. Since the implementation of this 
process, mean first test yields have consistently 
exceeded 35% with approximately one half of the lots 
over ·40% (See Figure 83). 
It is recommended that any BiFET devices, manufactured 
with a similar technology at AT&T, demonstrating 
unusually high sensitivity of first test yields to 
pinchoffs or p-channel resistances should take into 
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